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Gulf of Mexico OCS Regional Office 

U.S. Department of the Interior 

P.O. Box 7944 

Metairie, Louisiana 70010 

Attn: Public Information Section (OPS-3-4) 
Phone: (504) 838-0519 
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This report has been reviewed by the Minerals Management Service and approved 
for publication. Approval does not signify that the contents necessariiy 
reflect the views and policies of the Service, nor does mention of trade names 
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MEETING SUMMARY 


JULY, 1985 TERNARY MEETING 


1.0 INTRODUCTION: 


On July 24, the Environmental Studies Group, of the MMS, Gulf Regional Office 
convened the second Ternary Meeting of 1985. These public meetings are held 
as a forum for information exchange between interested and involved parties. 
This generally include MMS personnel, representatives of various MMS funded 
programs, state representatives, public interest groups, other federal 
agencies, and invited investigators working on problems similar to or 


supportive of those of the MMS. 


The meeting consists of a representative from most of the MMS funded programs 
and other invited speakers making a presentation variously defining the 
program goals, schedule, methodology, present status and any important or 
relevant insights recently developed. The meeting schedule is such that 
there is ample opportunity for exchange between the speakers and audience. 
In addition, sufficient "unallocated" time is usually available for 


discussion between those in attendance. 


2.0 MEETING AbSTRACTS: 


At the meeting each speaker provides an abstract of material to be discussed 
prior to the scheduled talks so that others have an opportunity to become 
familiar with what is to be presented. This also allows question formulation 
without trying to simultaneously listen to an ongoing presentation. These 
abstracts form the basis for this Meeting Summary Report. 


Abstracts included in this volume are copies of those provided by each 
speaker. No adjustments have been made to the form and substance of these 


submissions. 


This report contains the following meeting material: 


Oo Agenda 


re) Presentation Abstracts 


oO List of Attendees 


These are Items 1, 2 and 3 and follow immediately. 


Any questions regarding presented material should be directed to the 


appropriate speaker. General questions regarding the Ternary Meeting should 


be directed to the Environmental Stvdies Group in the MMS, Gulf Regional 
Office. 
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In October, 1982, the Minerals Management Service initiated a multi-year, physical 
oceanographic field study of the Gulf of Mexico with a goal of establishing a better 
understanding of circulation patterns and processes and developing a data base which 
supports a concurrent and coordinated numerical circulation modeling program. The 
regional program emphasis has resulted in two complete years of observations in the 
eastern Gulf(Figure1) with a third year presently in progress. Coincident with this 
ongoing final eastern Gulf year, measurements in the western Gulf have been initiated. 
A progress report describing activities during and results of the first two years of eastern 
Gulf measurements is being prepared and should be submitted to MMS this fall. At the 
completion of the final year of eastern Gulf observations, another report will be produced 
which expands on prior work and includes new insights developed during the ongoing 
program year. 


Program Years 1 and 2 had five major technical areas which are being combined to 
develope a better understanding of eastern Gulf and Loop Current related circulation. 
These include: 


¢ Subsurface currents, temperatures and pressure along and across the shelf, on 
the slope and in and beneath the Loop Current(Figure 2). 


¢ Hydrographic surveys to document temperature, salinity, density and nutrient 
fields on a regional or synoptic scale and as produced by important dynamic processes, 
e.g. Loop Current boundary filaments along the west Florida shelf. 


¢ Satellite thermal imagery to describe diagnostic and characteristic sea-surface 
temperature patterns. These can provide an independent verification and description of 
evolutionary circulatory patterns. 


¢ Lagrangian drifter trajectories which represent the cumulative influence of all 
local and time-dependent processes acting on the buoy. This is an important and 
different perspective than is provided by in situ current measurements. 


¢ Ship-gf-Opportunity(SOOP, Figure 3) XBT data that provides valuable and 
cost-effective documentation of the important and at times diagnostic temperature field. 


Except for hydrography, the above measurements will Continue during the third eastern 
Gulf year. All these measurements will also be made in the western Gulf. 


In June, 1985 subsurface current moorings were deployed on the slope and rise 
offshore of south Texas and northern Mexico(Figure 4). The horizontal and vertical 
instrument placement is designed to provide information regarding current patterns 
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Figure 1. Gulf of Mexico reference map. Note that the eastern or Loop 
Current studies (Years 1, 2 and 4) look at conditions east of 
90°W. Year 3 emphasize the central western Gulf (i.e. west of 
90°W). In both situations measurements tend to focus on 
slope/shelf circulation and interaction. 
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Figure 2. Eastern Gulf mooring placemen: during Program Years 2 and 4. 
Recently a NSF/FSU mooring was placed at the shelf break about 


100 (1.6°) miles north of Mooring E. 
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Figure 3. Various SOOP transects presently being made to support Physical 
Oceanography Program. The repeat period varies from 10 to 45 
days. 
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Figure 4. Approximate positions of Year 3 western Gulf moorings which 
support nineteen current/temperature sensors. Vertical placement 
emphasizes the upper 1000 m of the water column. 
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resulting from and associated with Loop Current eddies as they approach, interact with, 
and dissipate on the adjacent slope. For further documention, hydrographic surveys will 
be made in and through these important features as they move across the central and 
western Gulf. In addition, every effort will be made to place drifting buoys in break-off 
eddies so that important dynamical processes can be resolved. Such drifting buoys also 
provide essential information about eddy position during summer and early fall(late June 
through early October) when the sea-surface temperatures are uniform, and hence, 
satellite thermal imagery can not resolve eddy positons or geometry. 


At present, indications are that a large Loop Current eddy has in the past several 
weeks seperated and has begun migrating westward. Using images of weak residual 
sea-surface temperature gradients, SOOP transects and other XBT data, the break-off 
has been documented and a drifting buoy released in the feature(See Figures 5 and 6). 
This buoy placement will provide valuable information for planning addtional cruises to 
study and better understand the evolution and decay of these features which are such an 
important source of energy and heat in the western Gulf. The timing of the break-off is 
fortuitous. It has been more than 14 months since the last eddy seperated. The recently 
deployed MMS funded western-Gulf moorings should be in an excellent position to 
record conditions prior to, during and following interaction of the ring with the western 
Gulf continential slope. 


Not only has a buoy been placed in a ring, but one is also in the Loop Current just 
south of the break-off position. This drifter trajectory, shown in Figure 7, indicates that 
the buoy was originally placed in that region of the Loop Current that eventually 
seperated. However, between deployment and subsequent recirculated northern 
movement, the present ring seperated. The time-dependent character of the flow field is 


illustrated by the trajectory crossing itself at almost right angles. 
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ABSTRACT 
The 19 month Gulf of Mexico meteorological study is divided 
into three phases: 
. Collection 
. Formatting 


. Analysis/Summary 


Having collected the digitized meteorological data available 
for the Gulf, the formatting phase is now underway and will 
continue through October of this year. 

As part of the formatting phase of this project, FAMU now 
has the two data sets are now residing on the Harris computer's 
300MB disk pack. The first set of data is from the National 
Climactic Data Center (NCDC) in the TD-1129 format. This data 
set contains over 600,000 150-character records for MARSDEN 
SQUARES 80 and 81. 

The second set of data was received from the National 
Oceanographic Data Center (NODC) in the NODC 191 format. This 
Gata set contains readings from 24 buoys. Original buoy locations 
along with the volume of data from each buoy is provides. There 
are over 800,000 120-character records in this data set. The 
NODC data set has been sorted by buoy, date, time and _ record 
type. 

Programs are now being written to identify breaks in service 
for the 24 buoys in the NODC data. These programs will also 
identify changes in the location of the buoys. The information 
from these programs will be used to create an index of available 


Gata for the NODC data set. The index will be available in raw 
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form or formatted into DBASE II, DBASE III or RS3ASE 4000. 
The TD-1129 format for the NODC data is attached while the 
191 format for the NODC data is available in the NODC User’s 


Guide. 


An additional source of meteorological data are the Ocean 
Data Gathering Program (ODGP) and the Ocean Current Measuring 
Program (OCMP) FM analog tapes. FAMU has proposed to subcontract 
EVANS-HAMILTON to digitize the meteorological data from these two 
Studies and to include this additional data in the final summary. 
There are approximately three hundred seventy (370) analog tapes 
of which over half are ODGP tapes. 

Inclusion of this additional body of data promises to allow 
FAMU tO produce a much more complete pictures of the Gulf of 


Mexico meteorological environment. 
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NODC BUOY DATA SET 
GULF OF MEXICO 


NUMBER FIRST DATE LAST DATE RECORDS ORIGINAL LOCATION 
LAT ‘LONG 
EBO2 73/03/21 73/09/29 1,660 27.5N 88.0W 
EBO4 75/08/13 77/12/29 20,288 26.0N 90.0W 
EB10 73/01/01 76/01/20 9,667 27.5N 88.0W 
EB12 73/06/22 75/03/07 7,741 26.0N 94.0W 
EB31 73/03/08 73/05/22 415 27.0N 86.0W 
EB32 73/01/28 75/01/08 971 27.5N 88.1W 
EB36 73/03/09 73/04/16 89 26.1N 84.6W 
EB44 76/11/20 77/12/31 9,212 26.0N 86.0W 
EB52 73/02/28 73/04/25 340 26.0N 83.8W 
EB53 73/03/07 73/03/31 92 29.8N 88. 3W 
EB61 73/02/21 77/05/08 3,232 26.9N 84.6W 
EB62 74/11/08 75/01/06 365 29.0N 85. 6W 
EB71 76/09/19 77/12/09 21,567 29.0N 85.4W 
42001 78/04/01 83/12/31 187,445 26.0N 90.0W 
42002 78/01/21 83/12/31 202,376 26.0N 93.5W 
42003 78/01/01 83/12/31 182,881 26.0N 86.0W 
42004 78/12/23 79/02/11 341 27.5N 85.5W 
42005 78/12/13 80/05/13 8,764 30.0N 85.9W 
42006 79/98/25 80/03/23 27,800 26.5N 96.0W 
42008 80/10/01 83/12/31 36, 362 28.7N 95. 3W 
42009 80/10/01 83/08/10 63,682 29.3N 87.5W 
42010 81/04/01 82/03/29 7,878 29.7N 93.4W 
42011 81/09/16 83/12/31 23,252 29.6N 93.5W 
42012 83/08/10 83/12/31 8,472 29.9N 87.1W 
25 


TD 1129 Format 


(for 70's Decade and Data Processed Beginning in 1982) 


Tape Field 
Number 


Tape 
Position 
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Element 


Source Deck Number 
Marsden 19° Square 
Marsden 1° Square 
Quadrant (1-4) 

Latitude’ (Degrees N, S) 
Longitude (Degrees E, W) 


Year - GMT 
Month - GMT 
Day - GMT 

Hour - GMT 


Wind Direction Indicator 
Wind Direction (Code) 
Wind Speed Indicator 
Wind Speed (Knots) 
Visibility Indicator 
Visibility (Code) 
Present Weather (Code) 
Past Weather (Code) 
Sea Level Pressure (mb) 
aren 1 

-Bulb Temp 

-Bulb Temp 
rt Point Temp (8) 
Sea Surface Temp foc) 
Total Cloud Amount (Oktas) 
Low or Middle Cloud Amount 
Type of Low Cloud 
Cloud Height Indicator 
Lowest Cloud Height 
Type of Middle Cloud 
Type of High Cloud 
Director of Waves (Code) 
Period of Waves (Code) 
Height of Waves (1/2 Meters) 
Direction of Swell (Code) 
Period of Swell (Code) 
Height of Swell (1/2 Meters) 
Country Code 
Ship Direction (Code) 
Ship Speed (Code) 
Barometric Tendency (Code) 
Amount of Pressure Change (mb) 
Type of Ice Accretion of Ship (Code 
Thickness of Ice on Ship la 
Rate of Ice Accretion (Code) 
Ship, OSV, or Buoy Call Sign 


037 
038 
039 
040 
041 
042 


042 
042 


042 


042 
043 
043 
044 
045 
046 
047 
048 
049 
050 
051 
052 
052 
052 
052 
052 
052 
052 
052 
052 
052 
052 
052 
052 
053 
054 
054 
055 


138 
139-140 
141-142 
143-143 
145-148 
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Original Wind Speed Units Indicator 
Original Temperature Units Indicator 
Sea Temp. Measurement Method Indicator 
Wind Wave Period (Seconds) 

Swell Wave Period (Seconds) 
Concentration of Ice (New Code 1982) 
Description of Ice Type (Code) 

Stage of Ice Development (New Code 1982) 
Effect of Ice on Navigation (Code) 
Bearing of Principal Ice Edge (Code) 
Ice of Land Origin (New Code 1982) 
Distance to Ice Edge from Ship (Code) 
Situation and Trend (New Code 1982) 
Orientation of Ice Edge (Code) 

Amount of Precipitation (Code) 

Time Period for Precip. Amount (Code) 
Significant Cloud Amount (Code) 
Significant Cloud Type (Code) 
Significant Cloud Height (Code) 
Second Past Weather (Code) 

Second Swell Direction (Code) 

Second Swell Period (Seconds) 

Second Swell Height (1/2 Meters) 

Ship Position - Flag 

Wind - Flag 

Visibility - Flag 

Present Weather - Flag 

Past Weather - Flag 

Pressure - Flag 

Dry-Bulb - Flag 

Wet-Bulb - Flag 

Dew Point - Flag 

Sea Temp. - Flag 

Clouds - Flag 

Waves - Flag 

Swells - Flag 

Pressure Change - Flag 

Quality Code 


QC - Year 
QC - Month 
Blank 
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INTRODUCTION 


The Gulf of Mexico Circulation Modeling Study was started by 
MMS in October 1963 as an “extremely modest effort building on 
existing/ongoing modeling efforts in the Gulf of Mexico”. The 
initial requirement was for an existing circulation model with 
capabilities approaching those required and the ability to 
deliver an “early simulation run”. At the end of the four year 
program the requirement was for a circulation model of the 
entire Gulf with horizontal resolution approaching 10km, and 
vertical resolution (initially less important) approaching: 


mized layer: 1-10 fm 
thermocline: 10 np 
deep layer: 100 mp 


with realistic bottom topography. coastline, and wind forcing. 
which must exhibit loop-ourrent eddy shedding, and other known 
regional circulation features. 


THE EXISTING NORDA/JAYCOR MODEL (OCTOBER 1983) 


This is a two layer, non-linear, hydrodynamic, free surface, 
semi- implicit, primitive equation ocean circulation model on a4 
beta plane, with realistic coastline, and full scale bottom 
topography confined to the lower layer. Horizontal grid 
resolution is 0.2 degrees (20 by 22 km), with a upper layer rest 
depth of 200 m. The model is driven by inflow through the 
Yucatan Strait compensated by outflow through the Florida Strait, 
and/or by winds. 


PROBLEMS WITH THE EXISTING MODEL 


1) Only 0.2 degree horizontal grid resolution - need 0.1 
degree. 

2) Model is hydrodynamic - thermohaline ciroulation 
particularly important during fall and winter, and over 
shelf areas. 

3) Crude representation of the vertioal density profile - 
need mixed-layer physics. 

4) Model has full scale bottom topography (which is essential 
for a good simulation), but the layer interface(s) must not 
intersect the bottom. Shallowest topography in model is at 
500n. 


MODEL DEVELOPMENT PLAN 
YEAR 1 


Use existing 2-layer 0.2 degree Gulf of Mexico model. Find 
"best" representation of coastline and bottom topography. 


35 


Initially use seasonal wind forcing and constant inflow, later 
Simulations will use winds based on 12 hourly FNOC surface 
pressure analysis and time varying inflov. 


Products: 


Early delivery of a Gulf simulation without wind forcing. 
Wind data set based on FNOC’s 12 hourly global surface 
pressure analysis (1966 - 1982), processing funded by NORDA. 
Gulf simulation surface current data set selected as the 
“best” available simulation to date (October 1984), will be 
forced by “FNOC" winds. Not all model experiments will be 
delivered. Gulf data set will be every 3 days for many eddy 
cycles (ten years or more) to capture the full Gulf 
circulation variability. 


YEAR 2 


Use 2-layer model. but on a 0.1 degree grid, and with lower 
eddy viscosity. Expect richer flow field, including winu 
induced flow instabilities. Some experiments will use l-layer 
(reduced gravity) model, but all delivered simulations will have 
2-layers. 


Products: 


One or more Gulf simulation surface ourrent data sets, 
selected as the "best" available simulation to date (not 

@ll model experiments will be delivered). Data sets will be 
every 3 days for many eddy cycles (ten years or more) to 
Capture the full Gulf circulation variability. 


YEAR 3 


Develop S-layer model with bulk thermodynamics. Densities 
in the upper two layers will be allowed to change locally with 
time, under control of the equation of state and temperature 
equation added to model. Initially 0.2 degree simulations, 
later 0.1 degree grid will be used. 


Expect to see thermohaline ciroulation and improved 
representation of permanent thermociine. Three layers also 
better resolve “hydrodynamic” ciroulation, and thinner upper 
layer increases accuracy of surface velocities. 


Products: 
One or more Gulf simulation surface ourrent data sets. 
selected as the “best” available simulation to date (not all 


model experiments will be delivered). Data sets will be 
every 3 days for many eddy cycles (ten years or more) to 
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Capture th2 full Gulf circulation variability. At least one 
Gata set will aiso include sub-surface currents. 


YEAR 4 


Complete 0.1 degree 3-layer simulations. Then couple 
circulation model results to a mixed layer model (TOPS). TOPS 
is the Navy's operational mized layer forecast model. Simplest 
version of TOPS is one dimensions’. with 15+ fixed vertical 
levels covering upper 500m. It «:1™ accept geostrophic currents 
from any suitable source, the 3-:.:yer model is suitable but the 
2-layer (hydrodynamic) is not. Can use coarser grid for TOPS 
(0.2 or 0.4 degrees), possibly with finer coverage of selected 
regions (TOPS is 1-dimensional). It is applied only after 
Spin-up of the circulation model. 


This final coupled model will give detailed vertical density 
profiles, and greatly improve the simulation acouracy in shelf 
regions. 


Products: 


One or more Gulf simulation surface and sub-surface current 
data sets, selected as the “best” available simulation to 
date (not all model experiments will be delivered). Data 
sets will be every 3 days for many eddy cycles (ten years or 
more) to capture the full Gulf ciroulation variability. 

At the end of the final year a fully documented FORTRAN code 
and user guide for the final model versions will be 
delivered. No earlier codes will be delivered, since they 
may not be in a suitable form for distribution. 


PROGRESS 
YEAR 1 


All tasks in year one are oomplete and a final report has 
been accepted by MMS. The final surface currents delivered to 
MMS consisted of 10.3 years sampled every three days on a 0.2 
degree grid from Experiment 68. This experiment was foroed by 
both (time invarient) inflow through the Yucatan Straits and by 
winds from the Navy Corrected Geostrophic Wind data set. 
Representitive surface current plots are shown in Figs 1 to 3. 


YEAR 2 
The 0.1 degree Gulf of Mexico bottom topography field has 
been prepared from the SYNBAPS data set. The raw topography is 


shown in figure 4, as usual all depths shallower than 500m are 
set to 500m. The coastline shown does not necessarily follow 
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the model boundary, which lies approximately on the original 10m 
depth contor. This topography must be smoothed before it can be 
used in the model, figure 5 shows the topography after two 
passes of a nine point real smoother. It will be the topography 
used for the initial two layer finite depth experiments, but 
model results may indicate modifications. A new 0.2 degree 
topography has also been prepared by sub-sampling the raw 0.1 
degree field. This will simplify comparisoas between model runs 
at the different resolutions, although the smoothed 0.2 degree 
topography will not be an exact subset of the smoothed 0.1 
degree version. 


Several experiments have been performed with one active 
layer reduced gravity models, which contain no topography since 
the “second” layer is, by definition, infinitely deep and at 
rest. Figure 6 is a snapshot of free surface deviation after 
2160 model days for a 0.1 degree experiment with 18 Sv inflow 
and no wind forcing. As was expected the Loop Current eddy is 
larger than that from a corresponding two layer model with 
topography. and in the absence of topographic steering the eddy 
takes a@ more northerly path across the Gulf. These experiments 
are not considered "realistic", and were only perfcrmed to 
inexpensively check out the model set up. 


The next stage is to repeat the successful two layer 
experiments with topography from the first year of the study on 
the new 0.2 degree and the 0.1 degree grids. Then similar 
experiments will be performed on the 0.1 degree grid only, using 
& higher eddy viscosity than is possible on the 0.2 degree grid. 


INSTITUTE FOR NAVAL OCEANOGRAPHY 


The Navy has recently announced the creation of an 
"Institute for Naval Oceanography” at NSTL, Bay St. Louis, MS. 
Its primary goal a global ocean forecasting capability by 1985 
that is sufficiently accurate to support world-wide battle fleet 
operations (i.e. ASW, etc.). However it will also support long 
term basic satellite and modeling research, and will to have 
very close ties with university researchers. Expected to become 
a center for excellence in the use of satellites for oceanic 
studies and in numerical ocean modeling. 


The institute will be created as ea independent organization 
but will have close ties to NORDA, which is resposible for the 
production of oceanic prediction products for the fleet. It 
will have access to NORDA’sS real time satellite recieving and 
processing system, for example. Many NORDA scientists will hold 
joint appointments at the institute. In order to achieve its 
goal the Navy has plans to purchase and install (in mid-1988) at 
NSTL a Class VII supercomputer. This will be dedicated to Navy 
environmental RYD (ocean, atmosphere, ice). A large fraction of 
this machines workload will come from the institute. 
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The major ocean prediction product will be a 0.125 degree, 
three layer, finite depth, free surface, primitive equation, 
thermodynamic, layered ocean circulation model of the entire 
world ocean, coupled to TOPS (the navy’s existing mized layer 
model). The reason for modeling the entire world is that this 
removes the major problems associated with open boundaries in 
smaller ocean regions. However it does require massive ammounts 
of computer power, and it is expected that this single project 
will account for 30% of the total supercomputer workload. The 
model used will be essentially identical to that to be used by 
JAYCOR in the final year of the Gulf of Mexico project, except 
for a slight difference in resolution (0.1 vs 0.125 degrees) and 
a change in coordinates (beta plane vs the surface of a shpere). 


In the 1989 to 1991 time frame long term SIMULATIONS of 
world ocean circulation will become available from the 
institute. In the Gulf they are likely to be slightly more 
realistic than previous (JAYCOR) simulations, because the flow 
through the Yucatan Straits will be accurately modeled (the 
JAYCOR model must prescribe inflow values at this open 
boundary). These simulations are probably even more useful to 
MMS in the Atlantic and Pacific oceans, where present generation 
models have far more severe problems with open boundaries. 
Simulation accuracy should improve throughout the 1990's as high 
resolution satellite data becomes available for verification 
(and for incorporation into atmospheric forcing functions). 


Possibly as early as 1991 the Navy will be using the 0.125 
degree model in nowcasting and preiiction mode, using NROSS 
satellite data. This product will be capable of providing real 
time trajectory predictions of actual oil spills as they ocour. 


Figures 1, 2 and 3: Representitive surface current plots from 
experiment 66 which was foroed by both winds and flow through 
the Yucatan Straits. The model was two layer, with bot‘om 
topography, on an 0.2 degree grid. 


Figures 4 and 5: Gulf of Mexico bottom topography on a 0.1 
Gegree grid, figure 5 is after two passes of a nine point real 
smoother. 


Pigure 6: Surface currents every 0.4 degrees from an 0.1 degree 
one active layer reduced gravity model of the Gulf forced by 18 
Sv transport through the Yucatan Straits (no winds). 
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PURPOSE OF PRELIMINARY RESULTS 


The following preliminary results were developed for presentation at the 
mid-July MMS Ternary Meeting and for briefing the Offshore Operator's 
Socioeconomic Subcommittee Membership. The results presented in this document 
are preliminary and represent the study findings after completing approximately 
half of the data analysis which is scheduled to be undertaken. These 
preliminary study results and the format of this document are designed 
primarily to communicate to MMS and the Offshore Operators Committee (O0C) 

the types of information which will be available in the Project Report and 
those areas of analysis which are currently being pursued. The study 
methodology has been previously presented and discussed at both MMS and OOC 
meetings and is not a major focus of this document. Separate documents on the 
data collection procedures and analytical methodology have been produced and 
are available. 


At the regiona] level] the following results are expected to vary only slightly. 
Within categories however, significant reallocations of employment, 
wages/salaries and expenditures are anticipated. For example direct offshore 
producer employment has only been scaled using a Gulf-wide ratio to account for 
the sampling prucedures employed. More precise scaling procedures are currently 
being implemented which will take into account the percent of the universe 
captured for 60 offshore lease areas. These procedures will not significantly 
alter estimates of total producer employment but can be expected to affect the 
results at the county/parish and staging area level. 


The draft study results are scheduled for delivery to MMS in October of 1985 
and a final, publicly available report will be available by December 31, 


1985. 


This document follows the following format: (1) Study Objectives, (2) Primary 
Data Sources, (3) Methodology, (4) Direct Producer Impacts, (5) Producer 
Expenditure Impacis, (6) Physical Activity Models, (7) Highlights of Findings 
and (8) Future Areas Of Investigation. 


STUDY OBJECTIVES 


The study was designed by MMS, the OOC and Centaur Associates to document the 
direct economic impacts of Gulf of Mexico offshore oil and gas activity in 
1984 and estimate impacts per unit of activity, for use in Environmental] 
Impact Assessment process. The study objectives are to: 


o Measure the direct economic impact of offshore oi] and gas exploration, 
development and production in 1984. Measures of economic activity used 


are: 


- employment 
- income (wages, salaries and bonuses) 
- non-wage capital and operating expenditures 


o Measure the immediate economic impact of contract, service and other 
purchases made by offshore oi] and gas exploration and production 
companies. These measures of activity are consistent with those being 
developed for producers and are employment, income, and expenditures. 
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o Determine the geographic distribution of the direct producer impacts of 
offshore oil and gas activity. Geographic levels of analysis are: 
county/parish, staging location and offshore lease area (i.e., Main 
Pass, Main Pass-State Waters, Main Pass-East Addition). 


o Develop a framework and set of procedures for determining the direct 
economic impacts per unit of activity for future offshore development 
activities. 


PRIMARY DATA SOURCES 


The primary data collected under this contract were supplied by an the members 
of the Socioeconomic Subcommittee of the OOC. The firms whoses cooperation 
facilitated this socioeconomic assessment were: 


o AMOCO o CHEVRON o CONOCO 
Oo EXXON o GULF o MOBIL 
o ODECO o SHELL o TEXACO 


These firms each provided invaluable guidance in the development of a viable 
methodology and subsequently supplied extensive amounts of data at a 
significant cost to their respective firms. Without their guidance and 
assistance this project could not have been undertaken. 


These nine companies represented over 50 percent of total offshore energy 
production in the Gulf of Mexico. Exhibit 1 summarizes the percent of oil, 

gas (including casing head gas), total energy produced and wells drilled in 
1984 and wells operated by the nine major offshore producers contributing to 
the project. These data were based on 1984 data for each offshore well] in 
Louisiana State, Texas State and Federal Waters. These data have been developed 
for each of approximately 60 offshore areas and are being used to scale the 
study results to account for the sampling procedure. 


Four types of data were assembled as part of this effort. They were: 


o Producer employment records for 1984. Approximately 12,500 employment 
records were obtained from the offshore producers in our sample. The 
data elements contained in each employee record were: 1984 wages/salary, 
job description or classification, residence zip code, work site (on shore 
or offshore), staging area (if applicable) and wesk schedule. 


o Producer expenditure records for 1984. Detailed expenditure 
records were provided by each of the offshore producers in our sample. 
this data consisted of al] expenditures for yoods and services by 
activity type (i.e., air transport, geophysical exploration, platform 
fabrication etc.). 


oO Activity expense records for specific projects or activities undertaken 
in 1984. The activities for which budget data was obtained were: 
geophysical] exploration, exploratory drilling, platform fabrication 
and installation, development drilling, pipeline installation and 
production/operations/maintenance. Physica] characteristics of these 
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MEASURE OF ACTIVITY 


OIL PRODUCTION (VOLUME) 


GAS#CASING GAS PRODUCTION (VOLUME) 


NUMBER OF PRODUCING WELLS OPERATED 


WELLS ORILLEO (EXPLOR AND PROD) 


FEET ORILLEO (EXPLOR AND PROD) 


ENERGY EQUIVALENT (VOLUME) 


EXHIBIT 1 


PERCENT OF OFFSHORE ACTIVITY IW 1986 
ASSOCIATED WITH OOC PARTICIPANT COMPANIES 


___. STATE WATERS __ FEDERAL OCS 
00C SAMPLE OTHER 00C SAMPLE OTHER 
29.02% 60.98% 63.88% 16.12% 
47.71% $2.29% 44.14% $5. 86% 
59.41% 40.59% $7.21% 42.79% 

; ; 40.00% 60.00% 

; _ 47.00% $3. 00% 
44 03 $5. 97% 50.80% 49.20% 


$0.33% 


OTHER 


38.68% 


55.66% 


42.414 


49.67% 


activities were also provided so that expenditures could be calibrated 
to the physica] measures used in the Environmental] Impact Statement 
process. 


0 Economic Impact ratios for the offshore contract and support industries. 
Economic data was supplied by 50 firms supporting the offshore producers. 
This data was supplemented by data from secondary sources (i.e., Census 
and Duns data). Impact ratios derived include payrol]] to revenues, 
employment to revenues, average wages and salary, location of employees 
(offshore/on shore) and expenditures to revenues. 


METHODOLOGY 


Producer employment and wages at the county/parish level have been yenerated 
directly from the data base of producer personne] records. In these 
preliminary results records were scaled by the percent of 1984 offshore 
energy production associated with the OOC study participants. Subsequent 
analysis will scaling results at the lease area level. 


Primary employment and economic activity resulting from the purchases of 
goods and services are derived by applying key business ratios for each of 18 
major service industries to total expenditures by producers within that 
industry. 


Expenditure data was used to generate simple models relating key physica] 
measures to anticipated expenditures. These expenditures can then be converted 
to economic impacts using the relationships established in the prior two 
stages. 
Exhibit 2 is a schematic representation of the data manipulations and overa)) 
methodology. 

DIRECT PRODUCER IMPACTS 


All data contained in this section are based on an analysis of the personne] 
records of the major offshore producers on December 31, 1984. 


Direct Producer Positions 


An estimated 24,000 thousand full-time equivalent jobs at production companies 
were directly the result of offshore oi] and yas leasing in the Gulf of Mexico. 
Almost ten thousand of these positions are located offshore and with 15,000 
positions being located on shore. A significant number of the on shore 
positions spend some time offshore as part of their norma] working month. The 
designated off shore positions are only those individuals working exclusively 
“offshore”. 


The State of Louisiana alone had an estimated 8,200 offshore producer company 
positions and 15,000 on shore producer company positions located at work 
sites within the state. Texas has an estimated 612 offshore producer company 
jobs and 488 on shore producer positions located at work sites within the 
state. Mississippi, Alabama and Florida al] had an insignificant number of 
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producer company positions with full-time work sites within those states. 
This may be because most of the current exploration and development activity 
in these areas is being done by contractors and is being supervised by staff 
positions located in the New Orleans area. 


Locations in Louisiana with more that 50 total producer positions are: 
Abbyville, Baton Rouge, Buras, Cameron, Grand Chenr, Grand Isle, Houma, 
Lafayette, Lake Charles, Leeville, Morgan City, New Orleans and Venice. 
Within Texas, Fourchon, Freeport, Galveston, Houston anc Sabine Pass al] had 
a significant number of positions. A much higher proportion of the positions 
in Texas are located offshore since many of the administrative functions for 
activity in the state are handled in New Orleans or Lafayette. Exhibit 3 
presents the number of offshore and on shore positions at producing companies 
in the Gulf of Mexico. 


It should be noted that al] data presented in this document is expressed in 
person-years of annual employment or equivalent full time positions. This 
was necessary since some individuals had on shore or non-Gulf of Mexico 
responsibilities. Data represent only activity for offshore areas in both 
State and Federal] waters in the Gulf of Mexico. Offshore activity in other 
areas have specifically been excluded. 


Exhibit 4 breaks out the producer positions found at each work location by 
position type. For example in New Orleans 54.9 percent of positions were 
professional, 28.1 percent were skilled technical, 14.1 percent were clerical 
and 2.6 percent were skilled or unskilled labor, supervisory or undetermined. 
At Morgan City, a major staging site, the position profiles were as follows: 
27.3 percent unskilled labor, 36.5 percent skilled labor, 9.7 percent 
supervisory, 1.8 percent clerica], 12.5 percent skilled technica] and 12.3 
percent professional]. A similar profile is available for all work sites. 


The classifications of positions used for this project were: unskilled 
labor, skilled labor, supervisory personnel, clerical, skilled technical and 
professional. These job descriptions were developed out of necessity since 
over 1,000 unique job titles and descriptions were encountered in the 12,500 
personne] records which were analyzed. The job descriptions used for this 
analysis and the corresponding salary information are believed to contain 
most of the relevant information necessary for socioeconomic impact 
assessments. An Appendix is being developed to project the precise type of 
jobs falling under each of the categories and provide an insight into the how 
individual] positions were classified in this project. For example data is 
being developed to document the precise job types falling under the heading 
of “headquarters administrative clerical staff", “unskilled offshore production 
worker” or “skilled offshore production worker” The information is being 
based only on data from those firms having detailed descriptive job titles. 
Many producers provided personne] data using the more genera) categories used 
in our analysis. 


Employment By Residence Location 


The previous exhibits presented employment by work location. Most employment 
related economic impacts however occur in the communities in which the 

employees actually reside. Exhibit 5 presents the number of person-years of 
employment by the county/parish of employee home residence. These data break 
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EXHIBIT #3 
Suamary of Producer Employment by Work Locetion 
(Number of Person-Years) 
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EXHIBIT #4 
Position Type Profile of Producer Employment by Work Leoratiou 
(Percent of Total Positions at Work Location) 


WORK UNSKILLED SKILLED SUPER- CLERICAL SMILLED PRO- 
LOCATION LABOR LABOR VISORY TECHNICS. FESSIONAL 
ABPVVILLE 18.4 43.@ 6.1 6.1 8.2 12.2 
AMELIA 17.9 7.1 17.9 e.@ @.@ 7.1 
PRION ROUGE 18.6 27.1 8.3 6.2 27.1 12.5 
PAY TOWN @.@ 2e2.@ 20.@ 26." 13.3 Ev. @ 
PILOX! ®.@ ®.@ 33.3 e.@ 33.3 23.3 
EURAS is.3 62.5 9.7 2.¢ 6.9 5.6 
Carré AON 25.6 47.86 1é.@ 0.6 10.6 3.1 
COCODRIE e.@ 14.3 e.@ 2.@ 6s.7 2.0 
corRtus CNRS 25.0 62.5 i2.5 ®.@ e.2@ e.@ 
DALLAS 2.0 e.@ e.@ @.@ 1@@.@ e.@ 
DULAC Ss. 6 ®.@ 0. & 2.@ 44,4 e.@ 
Emo} RE 26.3 52.6 im. 6 2.@ 5.3 @.@ 
=OURCHON 20.3 60.2 12.@ 3.86 3.6 0.@ 
FREESORT 26.9 52.6 14.9 2.6 ®.9 e.@ 
GALVESTON 12.2 23.0 9.5 4.1 40.5 12.8 
GRAND CHENR 21.3 42.6 17.@ @.@ 19.1 e.@ 
GRAND ISLE e.@ 20.5 62.2 0.@ 4.1 iz.2 
HOUMA 26.5 13.3 2.4 @.@ 57.3 e.@ 
HOUS TON 3.@ o. @ 0.0 1é.6 21.2 66.2 
INTRA. CITY 2.5 19.5 62.2 ®.6 4.@ 11.1 
~A HAEBRA e.@ 6.@ 8.@ e.0 &.@ 128.0 
LAFAYETTE a.9 @.5 7.@ i@.7 30. 1 5e.9 
«AME CHARLES 18.2 36.4 1@.1 2.@ 11.1 22.2 
LEEVILLE :3.@ 54.9 9.5 e.3 9.2 7.4 
MOBILE QE 6.@ °.@ 50. @ °.@ °.@ 5@. @ 
MORGAN CITY 27.3 36.5 9.7 i.8 12.5 12.3 
“SV 4.® 30. @ ie.7 &.@ 5.3 46.0 
NEW ORLEANS @.1 @.3 2.1 14.1 26.1 54.9 
-ENSACOLA @.@ 8.@ %.@ @.@ 33.3 6&.7 
RODESSA 44.4 33.3 11.1 @.@ 2.2 s1.1 
SABINE CASS 26.6 53.7 9.8 e.@ 9.6 “.@ 
SAN ANTONIO 2.@ 10@.@ @.@ @.@ e.@ e.@ 
SULFHUR &.@ *.@ *.@ 10@.@ ®.@ e.@ 
VARIOUS iS.7 8.9 23.2 1.@ 19.@ 20.2 
VENICE 22.7 54.6 9.6 *.4 9.7 2.0 
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out the total positions by county/parish into the broad staff classifications 
of unskilled labor, skilled labor, supervisory, clerks/ secretaries, skilled 
technical and professional /manayer. 


These preliminary data indicated that over 300 counties have at least one 
resident employed with an the offshore producer in the Gulf. Of the 24,000 
employees with the offshore producers almost 20,000 reside in Louisiana. 
Every parish in the state has at lease several person-years of employment 
with an offshore producer. An estimated 3,700 producer employees reside in 
Jefferson Parish, 1,500 in Lafayette, 1,000 in Lafourche, 4,500 in Orleans 
and 1,500 in St. Tammany. Louisiana parishes with 200 to 1,000 employees with 
an offshore producer are: Calcasieu, Cameron, East Baton Rouge, Iberia, 
Livingston, Plaquemines, St. Bernard, St. Mary, Tangipahoa, Terrebonne and 
Vermilion. 


Approximately 2,000 persons employed by the offshore production companies 
reside in Mississippi. Residents of Mississippi finding employment with the 
offshore production companies came from a wide geographic range with virtually 
al] counties having some employment with the offshore producers. Most of these 
persons lived in counties adjacent to the two major highways feeding the 
coastal areas of Louisiana. 


An estimated 1,300 Texas residents were employed by the offshore Gulf of 
Mexico production companies. With the exception of Marion and Harrison counties 
employees were from a broad geuvgraphic range within the state. 


Over 500 persons employed by the offshore production companies reside in 
Alabama. Half of the personne] reside in the coasta] counties of Baldwin or 
Mobile the other half are found in the interior counties adjacent to the 
coasta] areas of the Florida Panhandle. 


Approximately 200 producer employees resided in Florida. Most of these 
persons were from the coastal] counties of Escambia, Okaloosa and Santa Rosa. 


Smal] numbers of employees with the offshore production companies were also 
found to be from the states uf Arizona, Arkansas, California, Connecticut, 
Georgia, Indiana, Maine, Maryland, Massachusetts, Michigan, Montana, New 
Jersey, New Mexico, New York, North Carolina, Oklahoma, Pennsylvania, Rhode 
Island, Tennessee, Washington, and Wyoming. 


Similar county leve] data has been developed indicating the number of person 
years of employment by location type (i.e., headquarters, staging area, 
platform and non-site specific offshore). These data can be used to determine 
the number of positions in a specific county which are offshore in nature. As 
one would expect persons residing in states other than Louisiana are employed 
primarily in positions which use an offshore work schedule. 


Payro)]) by Residence Location 
In addition to measuring direct producer impacts in terms of employment, data 


was developed on the wages and salaries paid by the offshore producers. These 
data were necessary since it is actually the wayes and salaries received by 
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Producer Ezployment by County and Staff Classification 
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employees and subsequently spent which drive the local economies. Exhibit 6 
presents total] payroli by county and staff classification (i.e., skilled labor, 
supervisory, etc). Tota] wages and salaries received by producer employees 
totaled $855 million in 1984. 


Tota] wages and salaries received by producer employees in Louisiana was 
estimated at $710 million. The breakdown of wages and salaries received by 
staff classification fer Louisiana is as follows: unskilled labor $44.5 
million, skilled labor $101.8 million, supervisory personne] $83.6 asillion, 
clerica] $27.8, skilled technica] $117.1 and professionals $334.7. Only 
$250,000 in wages and salaries could not be tied to a corresponding job 
classification. 


An example of the information presented in Exhibit 6 is that in Plaquemines 
Parish employees of the offshore producers receive approximately $20 million 
in wages and salaries. Forty-six percent of this income or $9.15 million 

goes to skilled laborers, and fifteen percent of total payroll is paid to 
unskilled laborers, supervisors and technical employees. Nine percent of 
producer paid salaries in this parish results form the income of professionals 
or managerial] staff. 


Tota] wages and salaries paid by the offshore producers to residents of other 
states were, Alabama $17.4 million, Mississippi $66.0 million, Texas $48.0 
million, and Florida $7.3 million. Producer wages and salaries is presented 
in Exhibit 6 for each of these states. 


st 0 Wages larie 


The personne) data files are also being analyzed to determine the distribution 
and ranges of salaries by work location and job type. For example Exhibit 7 
presents the frequency distribution of salary by location type (e.i., 
headquarters, staging @:ea, etc.). 


Exhibit 8 summarizes minimum, maximum and average salary by job classification. 
Total payroll by producers is also provided by job classification. Examples of 
information contained in Exhibit 8 are: the average salary for a skilled 
technical employee working at headquarters was $25,824, the average salary for 
a skilled technical employee working at various offshore sites was $35,666 and 
a skilled technical employee working on a platform received $33,292 in 1984. 
Similar data is being developed with data broken out by location (i.e. staging 
area), functional division (i.e. exploration) and job type (i.e. unskilled 
labor). 


mployment, Sala and Payroll] by Offsho e d Staging Site 


Employment and payroll] data have elso been analyzed using an additiona) 
dimension, the offshore work location. All platform locations have been 
standardized to one of sixty lease areas. Examples of the lease areas being 
used for this analysis are: South Pass and High Island-State Waters. 
Individua] platforms or fields required standardization to make subsequent 
ana!ysis of the data meaningful and to protect the confidenticlity of 
individual firms. 


Exhibit 9 presents employment, average salary and total 1984 producer payro)) 
by staging location Data in this exhibit include al] employees working on 
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shore at that site and personne] using that location as an embarkation point 
to their offshore work site. The data presented in this exhibit can be used 
to determine the staging locations for offshore workers for any offshore 
region. For example operations located in the Main Pass-Southeast extension 
are supported by 20 persons out of Grand Isle and 45 persons out of Venice. 


Exhibit 10 provides similar data organized by staging area. In this exhibit 
the total number of on shore producer employees is listed directly under the 
Staying area. The number of employees using that location is listed by 
offshore work site. For example Fourchon supports 33 offshore workers in the 
Ship Shoal area, 17 going to South Timbalier, 35 in South Timbalier-State 
Waters and 47 in the West De]ta blocks. These data are being used to derive 
matrices relating offshore structure location to the supporting staying 
locations. 


Additional] data are being developed which relate staging location to county 
or parish of residence. These data are rather lengthy and have been placed 
in an Appendix of the draft report. This Appendix provides frequency counts 
of the number of employees from each county or parish using the various 
Staging sites. Thus for any given staging location it can be determined from 
which counties both the on shore and offshore employees were drawn in 1984. 
To address the question of where individuals working exclusively offshore are 
drawn from, a similar profile is being developed to relate exclusively the 
relationship between offshore workers and their place of residence. 


Similar data has been developed by county or parish. These data will provide 
employee frequency counts, average salary and cumulative payroll] data cut by 
county/parish and staging location. Thus fur a given county it can be 
determined which staging locations and on shore work sites producer personne] 
are traveling to. For example these data indicate that Mobile County has 38 
individuals commuting to Morgan City, 16 to Venice and 84 to New Orleans. 
Small numbers of offshore persons are also commuting to Fourchon, Grand Isle, 
Houma, Intracoasta] City, and Leeville from Mobile County. Similar data has 
been generated based exclusively on records of persons working offshore but 

is not included in this preliminary document. 


PRODUCER EXPENDITURE IMPACTS 


Offshore producers have a major direct economic impact through their heavy 

use of contracting for offshore services, norma] operating expenditures and 
extensive purchases of capital goods and equipment. The nine study 
participants were surveyed to determine their tota] 1984 expenditures. The 
data provided included al] operating and capital expenditures made in 1984 
excluding payro]] benefits, taxes and OCS or state leasing costs and royalties. 


Expenditures By Offshore Producers 


The direct survey results are presented in Exhibit 11. These data were 

scaled to account for sampling based on the percent of offshore energy produced 
by the nine major offshore producers supplying data. Total expenditures by 
producers resulting from offshore oi] and gas exploration, development and 
production in the Gulf of Mexico reyion were projected to have totaled $8.75 
billion in 1984. Expenditures by the nine study participants alone totaled 
$4.4 billion. 
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CONTRACT OR EXPENDITURE 
CATEGORY 


AIR TRANSPORT 

BOAT BARGE MARINE EQ. & TRANSPORTATION. 

CATERING SERVICES 

CEMENT 

CONTRACT LABOR AND ENGINEERING SERVICES 

CONTRACT EXPLORATORY ORILLING 

CONTRACT DEVELOPMENT DRILLING 

DIVING 

ORILLING FLUIOS,MUD LOGGING, & CHEMICALS 

FUEL, UTILITIES 

PIPELINE & PIPELAYING CONTRACTING 

PLATFORM INSTALLATION 

PRODUCTION ENHANCEMENT 

PLATFORM & EQUIPMENT FABRICATION 

TUBULAR 

SEISMIC AND GEOPHYSICAL SERVICES 

WELL LOGGING WIRELINE AND PERFORATION 

FIELD OPERATING EXPENSES, OTHER OIL 
FIELO SERVICES & TOOL RENTALS 

ALL OTHER 


TOTAL 


Exhibit 11 


PROJECTED 1984 EXPENDITURES AND CONTRACTS 
BY PRODUCERS FOR GULF OF MEXICO OFFSHORE 


DEVELOPMENT, SY EXPENDITURE CATAGORY 


TOTAL 1984 
EXPENDITURES AND CONTRACTS 
BY OOC SAMPLE 
133,022,352 
254,738, 787 
38, 269, 262 
09,641,181 


669,550,850 1, 


361,094,974 
420,642,485 
14,085, 354 
195,724,889 
145,698,771 
95,422,810 
59,614,686 
114,743,935 
266,314,544 
316,544,641 
140,742,057 
240,816,954 


536,071,280 1, 


330,338,639 


4,403,078,411 t, 


PROJECTED TOTAL 1984 
EXPENDITURES BY PRODUCERS FOR GULF 
OF MEXICO OFFSHORE DEVELOPMENT 


264, 299, 451 
506, 135,401 
76,036,431 
178, 106,270 
330,317,193 
717,452,382 
835,766,141 
27,985, 908 
388,881,867 
269,485,974 
189,593,673 
118,467,227 
227,982,430 
409,397,441 
628,936,216 
279,637,578 
478,474,390 


065, 109, 305 
656, 343,235 


768, 388,433 


BEST COPY AVAILABLE 


AVERAGE PERCENTAGE OF 
OFFSHORE PRODUCER 


EXPENDITURES 
3.02% 
5.79% 
0.87% 
2.04% 

15.21% 
8.20% 
9.55% 
0.32% 
4.45% 
3.31% 
2.17% 
1.35% 
2.61% 
5.59% 
7.19% 
3.20% 
5.47% 


12.17% 
7.50% 


Examples of these expenditures made as part of producers offshore activities 
are: purchased air transportation services $264 million, boat and marine 
transportation fees $506 million, contract labor $1.3 billion, contract 
exploratory drilling $717 million, contract development drilling $420 million, 
platform fabricators $498 million. An additiona] $59.6 million was spent to 
position and instal] offshore structures. 


The relative importance of the various expenditure categories is presented in 
Exhibit 12. For example, development drilling under contract represented 

9.6 percent of total expenditures by offshore producers in the Gulf of Mexico, 
pipeline construction and repair contracts made up 2.2 percent of expenditures, 
fuel and utility costs represented 3.3 percent of expenditures and drilling 
fluids/mud logging/chemical purchases made up 4.4 percent of expenditures. 


Expenditures by the various producers have been aggregated to provide the 
appropriate confidentiality to producer records. Exhibit 13 provides a 
relative range of the percent of individua] company expenditures going into 
each of the 19 major expenditure categories. Exhibit 14 presents the same 
information graphically. Relatively large ranges in the percent of 
expenditures going to specific line items were experienced between the various 
producers. For example in the cateyory of geophysical] exploration, companies 
surveyed spent between zero and 7.6 percent of expenditures for this service. 
The industry average was 3.2 percent. These large ranges resulted primarily 
because of different operating characteristics among the various firms. For 
example one firm operated their own seismic vessels and another firm had a 
heavy demand for seismic work in 1984 since they had numerous unexplored lease 
blocks from bids in the early 1980's. In addition some of the extremely low or 
zero values resulted because some firms could not identify individual expense 
items and included them in the “all other” category. 


Expenditure Impact Ratios 


A mechanism was developed for translating expenditures by the primary offshore 
producers into employment and wayes and salaries. This was done through the 
application of direct impact ratios to the data for producer expenditures. 
These ratios were developed with the cooperation of approximately 50 offshore 
contractors. The impact ratios developed were: 


o Wages and salaries as a percent of revenues; 

Oo Average revenues per employee; 

oO Average wages and salaries per employee; 

o Percent of revenues purchasing outside goods; and 

o Percent of employees working offshore. 
Exhibit 15 presents the preliminary results of our discussions with numerous 
contract and service companies for each of the 19 contract or expenditure 
categories. For example firms providing catering services to offshore workers 
spent an average of 43 percent of their revenues on wayes and salaries, paid an 
average wage of $17,200 in 1984, required $40,000 in revenues to support each 


employee and made outside purchases of goods and services of 41.8 percent In 
addition 86 percent of their employees were located offshore on a regular 
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CONTRACT OR EXPENDITURE 
CATEGORY 


AIR TRANSPORT 

BOAT BARGE MARINE EQ. & TRANSPORTATION. 

CATERING SERVICES 

CEMENT 

CONTRACT LABOR AND ENGINEERING SERVICES 

CONTRACT EXPLORATORY DRILLING 

CONTRACT DEVELOPMENT DRILLING 

DIVING 

DRILLING FLUIOS, MUD LOGGING, & CHEMICALS 

FUEL, UTILITIES 

PIPELINE & PIPELAYING CONTAACTING 

PLATFORM INSTALLATION 

PRODUCTION ENHANCEMENT 

PLATFORM & EQUIPMENT FABRICATION 

TUBULAR 

SEISMIC AND GEOPHYSICAL SERVICES 

WELL LOGGING WIRELINE AND PERFORATION 

FIELO OPERATING EXPENSES, OTHER OIL 
FIELO SERVICES & TOOL RENTALS 

ALL OTHER 


STANDARD DEVIATION OF 
PERCENTAGE OF EXPENDITURES 
GOING TO EXPENSE CATEGORY 


1.91% 
3.71% 
0.49% 
1.00% 
13.08% 
6.56% 
4.18% 
0.27% 
2.13% 
2.47% 
3.40% 
1.96% 
2.72% 
2.57% 
4.37% 
2.76% 
2.9%} 


7.06% 
6.36% 


Exhibit 13 


DISTRIBUTION OF OFFSHORE PRODUCERS 
EXPENDITURES BY EXPENDITURE CATEGORY, 1984 


MINIMUM PERCENTAGE OF 
INDIVIQUAL PRODUCERS 
EXPENDITURES 
0.03% 

0.00% 

00% 

1.24% 

0.00% 

0.00% 

4.94% 

0.00% 

2.49% 

0.57% 

0.03% 

0.10% 

0.00% 


MAXIMUM PERCENTAGE OF 
INDIVIQUAL PRODUCERS 
EXPEND! TURES 
7.36% 

13.18% 
1.66% 
in 

43.77% 

24.79% 

16.68% 
0.82% 
9.984 
9.72% 

11.70% 
6.70% 
6.464 

12.03% 

13.19% 
7.61% 

10.79% 


23.02% 
23.458 


AVERAGE PERCENTAGE OF 


OFFSHORE PRODUCER 

EXPENDITURES 
3.02% 
5.79% 
0.87% 
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1.21% 
8.20% 
9.554 
0.374 
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1.95% 
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3.20% 
sant 


12.17% 
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Exhibic 15 


ECONOMIC IMPACT RATIOS FOR PRIMARY 
OFFSHORE CONTRACT AND SERVICE INOUSTRIES 


PRIMARY LOCATION OF ERPLOYEES 


PERCENT OR REVENUES 
REFERENCE CONTRACT OR EXPEND! TURE WAGES AMD SALARIES AS AVERAGE BEVEWUES AVERAGE WAGES AND © PURCHASING QUTSIDE GOODS PERCENT OF ERPLOYRENT PERCENT OF ERPLOYRENT PERCENT OF EmPLOYRER' 
wureet CATEGORY A PERCENT OF REVERUES «=» PER-ERPLOTEE SALARY PER ERPLOTEE AND SERVICES PRIMARILY OFFSHORE OFFSHORE DAILY PRIMARILY ONSHORE 
(DOLLARS) (COLLARS) 

1 ATR TRANSPORT 32.00% 66,060 21,608 7.0 i} 1] 604 
2 BOAT BARGE MARINE EQ. & TRANSPORTATION. 25.10% 63,333 19,750 $4.58 tt 90% 10% 
} CATERING SERVICES 43.00% 46,600 17,200 nt a6 ot maa 
4 CORENT 26.56% 191,732 29,616 9.90 1} IRCLUDED Im ONSHORE set 
] CONTRACT LABOR AND ENGINEERING SERVICES 36. 00% 70,008 25,200 39.0% 300 «ot 10% 
‘ CONTRACT EXPLORATORY ORILL ING 27.00% 90,909 24,545 1.08 oot IMCLUDED Im ONSHORE 208 
? CONTRACT DEVELOPRENT ORILLING 35.15% 103,093 6,231 27.08 ent IMCLUDED Im OwSHORE mt 
t OLVING 7.0% au 16,578 29.08 208 bot 208 
’ ORILLING FLUICS MUD LOGGING, & CHEMICALS 16.70% 153,846 28,168 65.0% n IMCLUDED IM ONSHORE bE 
16 FUEL, UTILITIES 5.00% $26,000 30, $08 6.7 ih} “ 100% 
" PIPELINE & PIPELAYING CONTRACTING 27.56% 4,076 20,415 0." PAY INCLUDED Im ONSHORE srt 
n PLATFORM INSTALLATION 36.00% $3,333 30,000 8.0 m IRCLUDED Im ONSHORE 28 
" PROQUCTION CNMANCERENT 35.15% 163,093 6,237 27.08 ont INCLUDED Im ONSHORE mS 
“ PLATFORR & EQUIPMENT FABRICATION 46.5278 68,259 27,659 39.0% " “ 96h 
'§ Tevul 14.001 210,526 31,158 65.08 A] ra] set 
6 SEISMIC AND GEOPHYSICAL SERVICES 33.50% 06,496 29,046 (5.00 “ eon 20 
"” WELL LOGGING, WIRELINE, PERFORATION ETC. 23.60% 125,000 29,250 49.18% “ SON 508 
8 FIELO OPERATING EXPENSES, OTHER O11 

FIELO SERVICES & TOOL RENTALS 29.108 17,994 22,696 46.9 A] Ht 248 
"9 ALL OTHER 21.70% 12,783 15,798 0.1% ] ut} | 26 
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basis. Similar information was derived for all the major industries supporting 
the offshore oi] and gas industry (see Exhibit 15). 


The impact ratios for the various contract and service industries (Exhibit 
15) were applied to the tota] estimated producer expenditures to yield the 
impacts associated with the expenditures made by the offshore producers. The 
expenditures by the offshore producers resulted in an estimated $2.48 billion 
in salaries and wayes at contract and support companies and generated 
approximately 98,000 full-time equivalent positions. These expenditures by 
producers, in turn resulted in purchases by the contract and support firms of 
$3.79 billion. These expenditures included purchases of raw materials, 
operating expenses and subcontracts with other offshore support industries. 


Exhibit 16 presents the estimated expenditure impacts by contract industry. 
For example it was estimated that expenditures by producers for exploratory 
drilling in the Gulf of Mexico translated into wages and salaries at the 
contract drilling companies of $194 million dollars and directly resulted in 
7,892 jobs. These purchases of exploratory drilling services also resulted 
in additional outside expenditures by contract drillers of $294 million. 
Exhibit 17 summarized the relative distribution of the expenditure impacts 
among the major support industries. For example expenditures for contract 
development drilling resulted in 11.9 percent of the waye and salary impacts, 
produced 8.2 percent of the employment effects and resulted in only 5.9 
percent of the total secondary purchases. Similar data are presented for each 
of the major expenditure types. Exhibit 18 presents the distribution of the 
expenditure impacts graphically. 


Data was also obtained from the various service industries on the proportion 
of their employees workiny offshore (see Exhibit 15). These ratios were 
applied to the number of employees by industry cateyory. Out of a total of 
98,296 positions created by producer expenditures, an estimated 25,171 are 
located exclusively offshore, 36,888 have an offshore component and 36,237 
are located on land. The 36,888 employees with both on shore and offshore 
responsibilities include: positions such as pilots and boat crews which 
return home daily, specialized workers which spend severa] days offshore as 
part of a specific assignment and then return to shore and individuals which 
may spend extended periods both on shore and then offshore (i.e., divers). 
Exhibit 19 summarizes the estimated number of contractor employees by primary 
work location. 


PHYSICAL ACTIVITY MODELS 


The nine OOC firms supplied examples of 1984 cost breakdowns of certain 
activities associated with offshore oil and yas. This data is currently 
being used to develop severa] models to estimate unit costs for these major 
types of activities. The measures and activities being analyzed are designed 
to be consistent with the physical measures of activity used by MMS in the 
environmental impact assessment process. The activity areas are: geophysica] 
surveying, exploratory drilling, developmenta)] drilling, platform fabrication 
and installation, pipeline construction, and production, operations and 
maintenance. 


A more detailed discussiun follows of the estimating techniques develuped for 
geophysica] exploration techniques as an example of the types of analysis 
being preformed. Summaries of the types of models being developed are also 
presented for the other five areas under investigation. 
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Exhibit 16 


ESTIMATED EXPENDITURE IMPACTS ASSOCIATED WITH OFFSHORE 


CONTRACT OR EXPENDITURE 
CATEGORY 


AIR TRANSPORT 

BOAT BARGE MARINE EQ. & TRANSPORTATION. 

CATERING SERVICES 

CEMENT 

CONTRACT LABOR AND ENGINEERING SERVICES 

CONTRACT EXPLORATORY DRILLING 

CONTRACT DEVELOPMENT DRILLING 

DIVING 

DRILLING FLUIOS,MUD LOGGING, & CHEMICALS 

FUEL, UTILITIES 

PIPELINE & PIPELAYING CONTRACTING 

PLATFORM INSTALLATION 

PRODUCTION ENHANCEMENT 

PLATFORM & EQUIPMENT FABRICATION 

TUBULAR 

SEISMIC AND GEOPHYSICAL SERVICES 

WELL LOGGING, WIRELINE, PERFORATION ETC. 

FIELO OPERATING EXPENSES, OTHER OIL 
FIELO SERVICES & TOOL RENTALS 

ALL OTHER 


TOTAL 


OIL AND GAS DEVELOPMENT IN THE GULF OF MEXICO 


ESTIMATED WAGES AND ESTIMATED NUMBER 


SALARTES GENERATED OF EMPLOYEES 

86,690,220 4,005 
119,954,090 6,074 
32,695,665 1,901 
47,305,025 1,594 
478,914,189 19,005 
193,712, 143 7,892 
293,771,798 8,107 
10,438,744 630 
12,720,909 2,528 
16,790, 186 $50 
$2,252,016 2,560 
42,641,002 1,421 
60,135,824 2,211 
198,303,843 7,170 
93,082,560 2,987 
93,678,589 3,160 
111,963,007 3,828 
309,946, 808 13,656 
142,426, 482 9,018 
2,477,423, 102 98, 296 


ESTIMATED 


PURCHASES OF OUTSIDE 
GOODS AND SERVICES 


97,790,797 
275,843,794 
31,783,228 
88,875,029 
$18,823, 705 
294,155,477 
225,656,658 
8,115,913 
174,996, 840 
162,691,117 
77,354,218 
45,009, 946 
63,379,115 
194, 780, 182 
408, 808,54! 
125,836,910 
234,930,925 
0 
435,629, 106 
328,627,961 


3,793,290, 263 


or 


Exhibit 17 


DISTRIBUTION OF EXPENDITURE 
RELATED IMPACTS, BY CATEGORY 


REFERENCE CONTRACT OR EXPENDITURE DISTRIBUTION OF EXPENDITURE DISTRIBUTION OF EXPENDITURE DISTRIBUTION OF SECONDARY 


SOI 


NUMBER CATEGORY RELATED WAGE AND SALARY RELATED EMPLOYMENT PURCHASES OF GOODS AND 
IMPACTS, BY CATEGORY IMPACTS, BY CATEGORY AND SERVICES, BY CATEGORY 
1 AIR TRANSPORT 3.5% 4.1% 2.6% 
2 BOAT, BARGE MARINE EQ. & TRANSPORTATION. 4.8% 6.2% 7.3% 
3s CATERING SERVICES 1.3% 1.9% 0.8% 
4 CEMENT 1.9% 1.6% 2.3% 
5 CONTRACT LABOR AND ENGINEERING SERVICES 19.3% 19.3% 13.7% 
6 CONTRACT EXPLORATORY DRILLING 7.8% 8.0% 7.8% 
1 CONTRACT DEVELOPMENT ORILLING 11.9% 8.2% 5.9% 
8 —DIVING 0.4% 0.6% 0.2% 
9 DRILLING FLUIOS, MUD LOGGING, & CHEMICALS 2.9% 2.6% 4.6% 
10 —- FUEL, UTILITIES 0.7% 0.6% 4.3% 
11 PIPELINE & PIPELAYING CONTRACTING 2.1% 2.6% 2.0% 
12 PLATFORM INSTALLATION 1.7% 1.4% 1.2% 
13 PRODUCTION ENHANCEMENT 4.2% 2.2% 1.7% 
14 PLATFORM & EQUIPMENT FABRICATION 8.0% 7.3% 5.1% 
1§ TUBULAR 3.8% 3.0% 10.8% 
16 SEISMIC AND GEOPHYSICAL SERVICES 3.8% 3.2% 3.3% 
17 WELL LOGGING, WIRELINE, PERFORATION ETC. 4.5% 7.9% 6.2% 
18 FIELD OPERATING EXPENSES, OTHER OIL 
FIELD SERVICES & TOOL RENTALS 12.5% 13.9% 11.5% 
19 ALL OTHER 5.7% 9.2% 8.7% 
TOTAL 100.0% 100.0% 100.0% 
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Exhibit 19 
Estimated Number of Contractor 
Employees By Primary Work Location 


ACTOR 
CATION 
ESTIMATED WUMBER ESTIMATED NUMBER ESTIMATED WUMBER ESTIMATED 
REFERENCE CONTRACT OR EXPENDITURE OF CONTRACT EMPLOYEES CONTRACT EMPLOYEES OF ONSHORE TOTAL CONTRACTOR 
NUMBER CATEGORY WORKING OFFSHORE OFFSHORE DAILY CONTRACT EMPLOYEES EMPLOYEES 
1 AIR TRANSPORT 0 1,602 2,403 4,005 
2 BOAT BARGE MARINE EQ. & TRANSPORTATION. 0 5,466 607 6,074 
3 CATERING SERVICES 1,635 0 266 1,901 
4 CEMENT 96 0 1,498 1,594 
§ CONTRAC’ LABOR AND ENGINEERING SERVICES 5,701 7,602 §,701 19, 005 
6 CONTRACT EXPLORATORY ORILLING 6,314 0 1,578 7,092 
= 7 CONTRACT DEVELOPMENT ORILLING 1,215 0 892 8,107 
~ t DIVING 126 378 126 630 
$ DRILLING FLUIOS, MUD LOGGING, & CHEMICALS 177 0 2,351 2,528 
10 FUEL, UTILITIES 0 0 $50 $50 
" PIPELINE & PIPELAYING CONTRACTING 45 0 1,715 2,560 
12 PLATFORM INSTALLATION 1,094 0 327 1,421 
13 PRODUCTION ENHANCEMENT 1,968 ‘ 243 2,211 
4 PLATFORM & EQUIPMENT FABRICATION 0 287 6,683 7,170 
1§ TUBULAR 0 60 2,928 2,987 
16 SEISMIC AND GEOPHYSICAL SERVICES 0 2,528 632 3, 160 
7 WELL LOGGING, WIRELINE, PERFORATION ETC. 0 1,914 1,914 3,828 
18 FIELO OPERATING EXPENSES, OTHER OIL 
FIELD SERVICES & TOOL RENTALS 0 10,379 3,278 13,656 
19 ALL OTHER 0 6,673 2,345 9,018 
TOTAL 25,171 36, 688 36,237 98, 296 
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Geophysical Surveying 


As one would expect a statistically strong relationship exists between the 
total dollar cost of a seismic survey, miles covered in a survey, and the 
duration of the survey. Water depth did not have a significant effect on 
survey costs as the surveying procedures are virtually the same regardiess of 
water depth. 


A correlation coefficient of 0.993 exists between miles covered and project 
cost. This very strong relationship indicates that the two variables are 
almost perfectly related. The regression equation expressing this relationship 
is: 


Total Cost = £(745.730X +38,407.00) 
where X = miles covered 
and $38,407 = fixed costs 


Thus it is projected that seismic surveying has an average fixed cost of 
approximately $38,000 and a unit variable cost which averages $745.73 per 
mile. There may be some variance from the mean because of differences in 
type of seismic survey, quality of equipment, weather conditions, market 
conditions, and terms of the contract. The mean dollar cost per mile of 
seismic surveying is $961.335 with a standard deviation of $270. 


There is also a strong correlation between the duration of the survey and the 
dollar cost of that survey. As the number of days increases, amount spent 
increased at a constant rate. This suggests that there are no significant 
economies of scale to longer surveys. The regression equation when using 
days of exploration time is: 


Total Cost = f£(-26,045.87 + 22,356.30x) 
where X = duration (days) 


The fixed cost indicated by this mode] is negative and thus does not accurately 
capture start up costs and this mode] is only appropriate for surveys of a 
longer duration. The regression equation indicated that each additional day 
spent on a survey averages $22,356.30. Thus, while the results of the second 
model cannot predict costs of shorter survey trips (less than a day or two of 
seismic surveying), they are good estimates of longer survey costs. The mean 
dollar cost per day of surveying was $27,543 with a standard deviation of 
$12,459. Both these estimating techniques are applicable for determining 
seismic expenditures associated with alternative lease areas. The results of 
these analysis are summarized graphically in Exhibit 20 as an example of the 
types of analysis being conducted. 


x ratory Drillin 


Dollar costs for exploratory dri! ere found to vary considerably 

Dollar cost per foot of drilling " varied between $124.36/foot and 
$2,257.16/ft with a sample mean of $505.38. Dollar cost per day of drilling 
had a sample mean of $80,445/day with a range of $23,417/day to $302,859/day 
Drilling depth, water depth, and duration of the exploratory drilling are a)) 
equally important in determining total cost figures. By regressing the depth 
of the water in which the drilling was done on the dollar cost per day of 
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EXHIBIT 20 
GEOPHYSICAL SERVICES ACTIVITY MODEL 
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drilling generated a correlation coefficient of 0.839 indicating that 83.9% of 
the variance in costs per day of drilling was explained by the water depth. 
The preliminary regression equation for this relationship is: 


Cost per drilling day = £(31.57X + $57,836 
where X = Water Depth 
and $57,836 = Fixed Costs 


This equation shows that fixed costs or start-up costs per day are equa] to 
$57,836 and that $31.567 when multiplied by water depth (in feet) provided a 
good estimated daily cost figure for exploratory drilling. 


Development Drilling 


The cost associated with developmental] drilling could also be predicted by a 
mode] with a high degree of accuracy. Duration of drilling is the most 
Significant determinant of tota] costs, followed by drilling depth. Water 
depth, the presence of a dry hole, and the type of rig used also statistically 
affect tota] costs. The preliminary mode] for estimating expenditures for 
development drilling is: Total costs = f(.0254 water depth + 0.1592 drilling 
depth + 0 .7149 duration of drilling + 0.2298 rig type (dummy variable) - 
0.2218 rig type (dummy variable) + .0572 rig type (dummy variable) + 0.1146 
dry hole (dummy variable) - 3,801,761.69). 


This regression has a corrected R-squared term of 0.9142 making it a 
Significant mode] in predicting total] costs of associated with developmental 
drilling. 


Platform Fabrication and Installation 


Platform fabrication and installation costs are a function of several] 
variables. The most important statistica] determinants of total costs were 
water depth, size of the platform (measured by number of well slots), and 
whether or not processing is done on the platform. The preliminary regression 
equation for predicting platform expenditures is: Total cost = f(-3,457,190 + 
0.7079 x water depth + 0.1126 processing (dummy variable) + 0.2653 well slots). 


The corrected R-squared term for this equation is 0.7413 indicating that this 
is a fair explanatory mode] of total platform fabrication and installation 
costs. Water depth is the single most significant indicator of total costs. 
Dollar cost per foot of water depth had a mean of $76,162. 


Pipeline Construction 


The length of a pipeline is obviously the most important determinant of the 
total dollar cost of that pipeline. For shorter length pipes, costs appear 
to be roughly the same regardless of actual length. Over the range of pipeline 
lengths, the regression equation between length and cost was: 


Total Cost = f£(78.111X + 94,373.133) 
where X = pipeline length 
and $94,373 = Fixed Costs 


This equation has a correlation coefficient of 0.771 making it an acceptable 


explanatory and predictive mode]. For relatively long pipelines, the diameter 
of the pipe (used as a measure of size) become significant. Preliminary 
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investigation indicated that the larger pipelines increase in cost at an 
increasiny rate after a certain length, while smaller pipelines increase in 
cost at a decreasing rate after a certain length. The significance of diameter 
for shorter pipelines could not be shown by this mode]. 


Production 


Total cost determinants of production and field operations are not clear at 
this point given our limited sample size. It does appear that total costs 
and total] production are not strongly correlated. Mean dollar cost per 
barrel equivalent of production was $8.329 with a range of $1.58 to $22.87. 
This may result from the fact that data was supplied by accounting unit and 
may not be a true cost of producing actual] product for the accounting entity. 
Additional] information is being sought and the existing data clarified to 
address this problem. 


SUMMARY OF FINDINGS 


Some of the major or unexpected preliminary findings of the upcoming report 
include the following: 


oO Twenty four thousand jobs at production companies were directly 
the result of offshore oil and gas leasing in the Gulf of Mexico. 


o Almost 10,000 thousand positions with producing companies are 
positions are located offshore and 14,000 thousand positions 
are located on shore. 


'e) Louisiana alone had an estimated 8,200 offshore producer company 
positions and 15,000 on shore producer company positions located at 
work sites witiin the state. 


oO Texas has an estimated 612 offshore jobs and 488 on shure positions 
located at work sites within the state. 


oO Of the 24,000 employees with the offshore producers almost 20,000 
reside in Louisiana. 


oO Every parish in the state of Louisiana has at lease several] 
person-years of employment at an offshore producer. 


o An estimated 3,700 producer employees reside in Jefferson Parish, 
1,500 in Lafayette Parish, 1,000 in Lafourche Parish, 4,500 in 
Orleans Parish and 1,500 in St. Tammany Parish. 


o Approximately 2,000 persons employed by the offshore production 
companies live in Mississippi. Most of these persons were resided 
in counties adjacent to the two major highways feeding New Orleans 
and the coastal] areas of Louisiana. 


o An estimated 1,300 Texas residents were employed by the offshore 
Gulf of Mexico Production companies. Employees were from a broad 
geographic range. 


o Over 500 persons employed by the offshore production companies 
reside in Alabama. Although half of the personne] reside in the 
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coastal] counties of Baldwin or Mobile. Many of the Alabama 
residents employed by producers may live in counties adjacent to the 
coasta] areas of the Florida Panhandle. 


0 Approximately 200 producer employees resided in Florida. Most of 
these persons were from the coastal] counties of Escambia, Okaloosa 
and Santa Rosa. 


oO Employees with the offshore production companies were also found 
to be from the states of Arizona, Arkansas, California, 
Connecticut, Georgia, Indiana, Maine, Maryland, Massachusetts, 
Michigan, Montana, New Jersey, New Mexico, New York, North 
Carolina, Oklahoma, Pennsylvania, Rhode Island, Tennessee, 
Washington, and Wyoming. 


0 Tota] wages and salaries received by producer employees in 
Louisiana totaled $ 710 million. 


Oo Tota] wages and salaries paid by the offshure producers to 
residents of Alabama were $17.4 million, Mississippi $66.0 million, 
Texas $48.0 million, and Florida $7.3 million. 


o Total expenditures by producers resulting from offshore oil and 
gas exploration, development and production in the Gulf of Mexico 
region were projected to have totaled $8.75 billion in 1984. 


) Expenditures by the study participants alone totaled $4.4 billion. 


0 The expenditures by the offshore producers resulted in an estimated 
$2.48 billion in salaries and wages at contract and support 
companies. 

0 The expenditures by the offshore producers generated approximately 


98,000 full-time equivalent positions. 


0 These expenditures by producers, in turn resulted in purchases by 
the contract and support firms of $3.79 billion. 


0 Out of a total of 98,296 positions created by producer 


expenditures, an estimated 25,17] are located exclusively offshore, 
36,888 have some offshore component and 36,237 are located on land. 


PHASE II AND FUTURE AREAS OF INVESTIGATION 


The work previously outlined represents Phase I of a multi-stage project. 
MMS is planning an independent follow on effort. Areas of investigation 
which may be appropriate for further investigation are: 


0 The indirect effects may require additional ducumentation. The 
first tier ur indirect effects are the economic activity resulting 
from the purchases of goods and services by the primary producers. 
Although the magnitude of these expenditures has been documented as 
part of this effort the location of many of these expenditures can 
no be determined. 
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The induced effects of offshure oi] and gas exploration and development 
have not been documented at thr county/parish leve]. The induced 
effects are those impacts resulting from the expenditure of wages and 
salaries individual households. This will require integrating 

county wages and salary information with nationa] and regional economic 
models. 


The effects of deep water activity and the development of frontier 

areas may vary from the historic effects documented in this effort. The 
research undertaken to date used 1984 data for al] Gulf of Mexico 
production and could not identify the effects of new technologies or 
those of frontier areas separately. A specialized a approach or 
engineered estimated may be necessary to address the issues. 


The various data bases and models used to determine the direct and 
subsequent efforts tu document indirect and induced effects may require 
into an automated system for determining future impacts. 
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ABSTRACT 


The combined remote sensing, mapping, and field ground truthing of 
the Florida Big Bend Seagrass Habitat Study (MMS Contract 
No. 14-12-0001-30188) has shown Florida's Big Bend shelf area to be a 
unified seagrass system composed of two separate assemblages or groups of 
seagrass species. Species zonation across this extended, shallow 
continental shelf is typical of seagrass zonation patterns seen in other 
areas of the Gulf of Mexico and Carribbean. There is a nearshore zone of 
fringing or pioneer species, a zone of major, bed forming species, and an 
offshore zone where fringing or pioneer species are again dominant. The 
unique aspect of Florida's western continental shelf, between Ochlockonee 
Bay and Tarpon Springs, is the extended nature of the seagrass beds 
forming this outer zone of fringing or pioneer species. Between the 
10- and 20-m (30- to 66-ft) depth contours, there are millions of acres 


of a sparse seagrass and macro-algae assemblage, in which Halophila 


engelmanni and H. decipiens are the vascular plant species present. 
Seagrass and algal blade densities within this assemblage rarely exceed 
30% coverage of the bottom as compared with the 100% bottom coverage seen 


in dense stands of the major nearshore bed forming species Thalassia 


testudinum and Syringodium filiforme. 

The Florida Big Bend Seagrass Habitat Study encompassed a total of 
1.5 million ha (3.7 million acres) (Figure 1). Within this area, 
232,893 ha (575,479 acres) of the dense, nearshore assemblage composed of 


T. testudinum, S. filiforme, and Halodule wrightii were mapped. These 


beds were all located in water depths less than 10 m (30 ft) and 
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FIGURE 1. COMPOSITE MAP PRODUCED FROM REMOTE IMAGERY OF SEAGRASS DISTRIBUTION 
PATTERNS IN THE FLORIDA BIG BEND AREA. 
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virtually all were within State waters. Another 279,722 ha 

(691,195 acres) of patchy seagrass beds were delineated. In this area, 
all five seagrass species were occasionally found, but Halophila 
decipiens and H. engelmanni were the most common. Finally, combined 
remote sensing and ground truthing indicated a total of 498,034 ha 

(1.2 million acres) of a sparse seagrass-algal assemblage. 
Ground-truthing data suggest there may be as much as 219,135 ha 

(528,000 acres) of live bottom within the area mapped as sparse seagrass 
and algae. Live-bottom habitats were evenly dispersed throughout this 
portion of the study area and could not be segregated into distinct 
patterns or bands. Ground-truthing data also indicated that within 
Sparse assemblages of seagrass and macroalgae, algal species account for 
approximately 12% o. the blade densities recorded. 

Seasonal data show a considerable reduction in seagrass blade 
densities across the entire shelf during winter. Within the outer 
seagrass and algal assemblages, this reduction in blade density ranged 
from 50 to 90%, with H. decipiens showing the most marked seasonal 
change. 

Although light penetration within the water column is undoubtedly a 
major factor in determining seagrass distribution patterns across the 
West Florida shelf, the full range of environmental factors required by 
these extended, fringing seagrass and algae beds seen between the 10- and 
20-m depth contours is unknown. In view of the extent of these 
commuiities, additional studies on the nature of their role within the 


west Florida shelf ecosystem seem appropriate. 
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CONCEPTUALIZED OCS IMPACTS ON BARRIER ISLANDS 


by E. G. Wermund, Bureau of Economic Geology 
The University of Texas at Austin, Austin, Texas 78713 


Conceptualized OCS impacts on barrier islands require understanding of 
interactive scenarios and variables. Four principal variables are offered and 
explained in terms of singular elements for each variable. One variable is 
labeled a “scenario,” for which the singular elements are described as normal 
weather, northers, tropical storms and/or hurricanes, and wet and/or dry 
climates. The principal “impacts” are visualized as pipeline construction, 
onshore production and maintenance facilities, oi] spills, and trash. 

"Sensitive areas” are described in terms of high-profile and low-profile 
barriers. High-profile barrier islands have extensive and high foreland dunes 
immediately shoreward of a beach. Vegetated high foreland dunes may contain 
deflation basins in which wetlands occur; for this type of barrier widespread 
landward dune fields often develop. There are then generally narrow vegetated 
barrier flats, and the expanse of tidal flats varies along lagoonal shorelines. 
Low-profile barrier islands include beach, narrow belts of low dunes, abundant 
washovers, vegetated barrier flats, marshes, and small tidal flats (deltas). 
The shorefaces of both types of barrier island profiles can be either eroding 
or rarely accreting. 

"Process variables” may be natural or strongly influenced by man. 
Natural-process elements are currents, waves, wind, and active faults, all of 
which are interdependent except for the latter. Man-infiuenced processes are 


removal of sand from a beach, salt water intrusion, and subsidence. 
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A worst case impact is conceptualized to be a hurricane coincidental with 
all four OCS impacts affecting a low-profile barrier island with maximum tides, 
winds, and waves occurring at a location having active faults related to 
subsidence. Any additional cases that are conceptualized for OCS impacts must 
recognize that the barrier elements are not only interdependent but also time- 


dependent as well. 
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The Northern Gulf of Mexico Continental Slope Study (Contract No. 14- 
12-0001-30046) is a multi-year program being jointly conducted by LGL 
Ecological Research Associates, Inc. (LGL) and Texas A&M University 
(TAMU). During Year I of the Slope study, sampling to determine water 
mass characteristics; sediment nature and quality, and biological 
characterics in terms of community composition, distribution and life 
history patterns was conducted along three transects in the northern Gulf 
of Mexico -- one each in the Eastern, Central and Western Lease Planning 
Areas (Fig. 1). Sampling depths along each transect ranged from about 350 
m to 2800 m. Specific depths were chosen to correspond to Pequegnat's 
(1983) hypotheszed faunal zones for megafauna, namely the Shelf/Slope 
Transition (350 m); Archibenthal Horizon A (.600 m); Archibenthal Horizon 
B (.850 m); Upper Abyssal (1400 m) and Mesoabyssal (12500 m). The Year I 
study included two cruises; one to the Central Transect in Fall 1983, the 
other to all three transects in Spring 1984. The sampling design enabled 
comparisons, by depth, between the two seasons, and among the three areas. 
The Annual Report has been completed and is available from MMS. 

During Year II, the present year, sampling was conducted at 12 
stations in Fall 1984 along the Central Transect to better define zonation 
(Cruise III); at 16 stations in the Eastern Gulf to define lateral 
variation along selected depth contours (Spring/Summer 1985); and at 12 
stations in the Wetern Gulf (Spring/Summer 1985) for the same purpose as 
well as to contrast known areas of oil and gas seepage to non-seep areas 
and habitats with topographic relief to bottoms with a more uniform 
relief. The seep comparisons became of more than passing interest due to 
TAMU's discovery in December 1984 of hydrothermal vent-type taxa at 
hydrocarbon seep areas. 

Results of the water column sampling programs during Year I have 
shown the presence of distinctive water masses which, below the surface 
Gulf Water layer, vary little between seasons or among areas (Fig. 2). 
Our shallowest stations were located in Tropical Atlantic Central Water, 
Stations in Horizons A and B of the Archibenthal Zone were in Antarctic 
Intermediate Water; and the stations in the Upper and Mesoabyssal Zones 
were in Gulf Deep Water. In future analytical efforts, the role of the 
distinctive properties associated with each water mass in influencing 
biological destributions will be evaluated. 
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Figure 2, Water masses along the Central Transect during Cruise I. A similar distribution 


was observed for Cruise II. 
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Seasonal and spatial differences were observed in sedimentary 
characteristics during Year I. These changes were observed in grain size 
composition, total organic carbon, calcium carbonate and hydrocarbons. 
The grain size changes were subtle and are depicted using standard 
sediment triangle graphics (Fig. 3). In these triangles, sand, silt and 
Clay sized particles are shown at the left, right and top angles of the 
triangle with the various mixtures shwon internally. A comparison of 
sediment grain size between Fall 1983 and Spring 1984 (Fig. 4) on the 
Central Transect shows that while the sediments were basically clay or 
clay mixtures there was indication of a shift from clay to silty clay at 
depths of 650 to 850 m. Clay predominated at 350-m depths during both 
seasons and silty clays were likewise prevalent during both seasons at the 
two deeper stations (1400 and 2500 2m). 

The most pronounced difference in sediment grain size among areas was 
that stations on the Eastern Transect were characterized by more equal 
mixtures of sand-silt-and-clay-sized particles than the other transects 
where sediments were predominately towards the clay end of the grain size 
scale (Fig. 5). The role of sediment grain size as it relates to 
biological distributions will also be evaluated in furture analytical 
efforts. 

Levels of organic carbon increased at all depths on the Central 
Transect on Cruise II as compared to levels observed on Cruise I (Fig. 6). 
Organic carbon levels were higher on the Central Transect than on the 
Eastern and Western Transects, and generally higher on the Western 
Transect than on the Eastern -- except at the shallowest and deepest 
stations. 

As observed for organic carbon, calcium carbonate levels likewise 
increased on the Central Transect in Spring as compared to Fall (Fig. 7). 
Calcium carbonate levels were decidedly highest at Stations on the Eastern 
Transect with levels and stations on the Central Transect being lower than 
levels on the Western Transect. 

Sediments at all three transects sampled during Year I had a mixture 
of thermogenic, terrigenous and plantonic hydrocarbons. Results of 
seasonal samplings at the Central Transect suggested an influx of 
terrigenous material (bulk organic matter and plant biowaxes) beiween Fall 
1983 and Spring 1984. The proportion of this material in the sediments 
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Figure 3. Standard Sediment Triangle. 
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Figure 4. Changes in sediment grain size on the Central Transect between 
Cruise I (Feb. 1983) and Cruise II (Spring 1984). 
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Figure 5. Sediment grain sizes observed among sampling stations on 
Cruise II (Spring 1984). 
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was highest on the Central transect, intermediate at stations on the 
Western Transect and lowest in sediments on the Eastern Transect. Results 
of carbon isotope analyses suggested terrestrial material provided an 
additional source of carbon to benthic crustaceans, whereas fish were 
supported almost entirely by marine algae. Thermogenic hydrocarbons 
outside of seep areas were present in low concentrations in the sediments 
being especially low on the Eastern Transect. Results of analyses of 
organisms for hydrocarbon contamination have proved negative for nearly 
all of the tests accomplished to date. 

Biological changes were observed that corresponded to 
physical/chemical changes or differences between habitats. Both meio- and 
macroinfaunal densities increased at Stations on the Central Transect in 
Spring 1984 as compared to Fall 1983. The increases in meiofauna were 
mainly attributable to the increased abundance of Foraminifera (Fig. 8). 
The increases in macroinfauna were not so much influenced by any one group 
(Fig. 9). In both instances, the least amount of change was observed for 
the deepest station. 

Meiofauna were decidedly more numerous at Stations on the Central 
Transect than at Stations in the other regions (Fig. 10), but such 
pronounced differences were not observed for the macroinfauna (Fig. 11). 
Of interest here, however, is the low abundance of macroinfauna at the 
1400-m depth on the Western Transect compared to the abundance at the same 
depth on the other transects. It should be noted here that the 
macroinfauna of the Gulf are exceedingly diverse and a large proportion of 
the species collected in virtually all groups are new to science. It may 
be years before all the taxonomic work is completed. 

Results of the megafauna sampling have basically confirmed 
Pequegnat's (1983) proposed zonation scheme. Since Year I, sampling has 
been dedicated to (1) defining distributional patterns over depths with 
higher resolution than heretofore achieved (Cruise III), (2) determining 
lateral variation along specific depth contours, and (3) making specific 
habitat contrasts (seep vs. non-seep) (Cruise IV, West Central Gulf; 
Cruise V, East Central Gulf)(Fig. 12). 

The notable finding on the November 1984 Cruise III, designed to 
determine distributional patterns of biological communities over depth, 
was the photographic observations of a bed of large clams at 940 m in 
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Figure 68. Comparison of meiofauna densities (no./10 cm2) between Cruises I 
(November 1983) and II (April 1984). Note the large increase 
of forams in Cruise II diagrams. Comparisons can be made on 
both axes. 
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Figure 9. Comparison of macroinfauna densities (no/a*) between Cruise I 
(November 1983) and Cruise II (April 1984) stations. 
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Figure 10. Comparison of meiofauna densities (no./cm*) obtained during 
Cruise II (April 1984). Comparisons can be made on both axes. 
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Figure 1]. Comparison of macroinfaunal densities (no. /m2) obtained during 
Cruise II (April 1984). 
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Figure 12. Location of transects and stations, within Western (W), Central (C) and Eastern (E£) Gulf of Mexico Lease 
Planning Areas. 
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depth in Lease Block Green Canyon 215. These clams exhibited motility and 
comparisons of the photographs to specimens collected by Texas A&M at 
another seep locality indicate that they are representatives of the 
chemosynthetic Clyptogena, probably Clyptogena ponderosa. This species is 
@ relative of Clyptogena magnifica, a motile giant white clan 
characteristic of hydrothermal vent communities in the Pacific Ocean. 
Actual specimens of cold water seep biota, analogous to the Pacific 
hydrothermal vent biota, had been discovered and collected at the base of 
the Florida escapement (3300 m) during a diving expedition with the 
submersible Alvin (Florida Cruise Participants 1984) and further west but 
also in the Green Canyon Lease area by Kennicutt et al. (in press). 

Ballard (1984) provides a description and history of the discovery of 
the deep-sea hot spring and cold seep communities, up to and including the 
Florida cold seep discovery. Both types of communities are characterized 
by white bacterial mats, large dense beds of clams and mussels; numerous 
Small gastopods, galatheid crabs, and, in the Pacific, dense patches of 
giant tube worms, Riftia pachytila. Chemosyntheti- tube worms which have 
been collected from the Gulf of Mexico are closely-irelated forms, but fall 
into different families (either the Lamellibrachiidae or a new family 
being presently described M.L. Jones of the National Museum of Natural 
History, Smithsonian Institution). 

Kennicutt et al. (in press) reported the location of seep communities 
for two areas in the Green Canyon Lease Area, two of which were later 
Sampled as part of this program. While we did not collect any tube worms, 
Clams or mussels at the one site (Station WC-6, Lease Blocks GC 271 and 
272), large collections of deep-water stony corals were trawled and a 
photograph of an apparant tube worm was taken in GC Block 184. 

At Station WC7 (Blocks GC 146, 189, 190 and 191) tube worms were 
collected (representatives of both Lamellebrachida and the new family) and 
Mumerous photographs of individual tubes were obtained. These 
photographs resemble some of those shown at the Florida Escarpment 
community, but we do not have any photographs showing dense clumps or 
tangles of worms or discrete assemblages of organisms with definable 
boundaries. Based upon the TAMU collections, however, this does not mean 
that such assemblages are not represented in the area. 
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Cold water seep communities are probably represented around seismic 
wipe-out and hydrocarbon seep zones across the slope of the northwestern 
Gulf between depths 400 and 1000 m, at least in the Green Canyon Area. 
Based upon data which are publically available at this time (Kennicutt et 
al. in press, this program), chemosynthetic organisms characteristic of 
seep communities have been documented to occur in Green Canyon Blocks 184, 
189, 190, 215, 234, 235, and 272 (Fig. 13). 

The TAMU collections suggest that most of the range of organisms 
which have been collected at the Pacific and Florida sites are probably 
also represented in the northwestern Gulf. 
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The Southwest Florida Benthic Communities Study is now in its fifth 
year. Research during Years l-3 was conducted by Woodward Clyde 
Consultants and Continental Shelf Associates, Inc. The prime contractor 
for Years 4 and 5 is Environmental Science and Engineering, Inc. (ESE). 
Major biological portions of the program are subcontracted by ESE to LGL 
Ecological Research Associates, Inc. (LGL). Since ESE's portions of the 
program have been described in previous ternary meetings, some highlights 
of LGL's findings from Year 4 (Cruises I-IV) are presented herein. 

During Year 4, 15 stations were sampled off the Florida coast (Fig. 
1). These included ten sites designated as Group I stations, which were 
sampled twice (December 1983 and May 1984) in order to complete seasonal 
Studies begun during previous years. Group I stations included five live 
bottom and five soft bottom sites, in a line roughly parallel to shore 
within the 20-m depth contour. Five additional live bottom sites were 
designated Group II stations, and sampled quarterly in Year 4 (December 
1983, and March, May and August 1984). Group II stations were placed along 
a transect perpendicular to shore, and ranged from 13-125 m in depth. 

Sampling at Group I soft bottom stations included infaunal studies 
under ESE's direction. Sampling at all live bottom stations (Group I and 
II) included trawling for fishes, dredging for epifaunal invertebrates, and 
underwater television (UTV) surveys for fishes, invertebrates, and habitat 
characterization. In addition, Group II stations were sampled for settling 
organisms through the use of fouling plates attached to instrument arrays. 
At two Group II stations, a time-lapse camera (TLC) documented the 
movements of sediment and large organisms. 

UTV surveys were extremely useful in describing benthic communities, 
mainly because a very large area could be sampled. During Year 4, between 
13,000 and 45,000 m@ were surveyed at every site.. Taxonomic resolution of 
UTV data depended on the type of organisms seen. Invertebrates and plants 
often could not be identified beyond the family level, although large-area 
estimates of the abundance of such multi-species groupings were undoubtedly 
more reliable than those obtained through any other means. Fishes were 
relatively easy to identify to species. In seven out of ten sites, more 
fishes were identified with UTV than with trawling. Group I stations 
tended to be quite similar, matching the Inner Shelf Community described 
in previous studies. Group II stations spanned a wide dep'sh range, and 
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differed greatly from one another in flora and fauna. Most of the 
Stations had wide areas of soft sediment with low-relief outcrops of coral 
or rock. 

Trawl samples were most useful for facilitating the identification of 
fishes seen on UTV, for expanding the taxonomic checklist for each station, 
and for analysis of stomach contents and life history parameters. However, 
trawls were routinely shredded at live bottom stations, and missed many 
species seen with UTV. Trawl data were extremely variable between cruises 
and stations. Relatively few species were both held in common between 
Stations and collected in substantial numbers from more than a few 
Stations, precluding most statistical comparisons of density. 

Although the dredge collected many epifaunal invertebrates, the 
Samples were not quantitative despite attempts to standardize the time 
Spent on the bottom. The dredge frequently clogged with large sponges or 
filled to overflowing. Since it was impossible to know when the dredge 
stopped sampling during the tow, sample abundance estimates could not be 
compared to one another. Consequently, dredged samples were analyzed using 
procedures designed for presence/absence data. These procedures are robust 
and have few statistical assumptions to violate; are economical and rapid 
to run; and are sufficiently powerful to describe the benthic communities. 
Dredged samples of epifaunal invertebrates showed distinct zonation of 
species by depth for many groups of organisms (Fig. 2). Community 
characterizations using constancy and fidelity analyses indicated major 
differences between stations for most large taxonomic groups. 

Time lapse camera (TLC) samples provided long-term data for fishes 
that were attracted to arrays. The TLC records revealed relative species 
abundance and diurnal activity patterns, although it was impossible to 
separate multiple records of the same individuals from single sightings. 
There were pronounced differences in fish abundance from one day to the 
next (Fig. 3). Many species present around the arrays during the day and 
leaving (perhaps to forage) during the night. In some cases, mutual 
exclusion seemed to occur; for example, when jewfish (Epinephelus itajara) 
were present, smaller groupers (Mycteroperca spp.) tended to be absent. 
Both iarge fishes and turtles took up temporary residence under arrays, 
causing data loss by damaging equipment such as TLC electrical cables and 


fouling plates. 
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Fouling plates showed excellent replication (Fig. 4) for most major 
taxa. The longer the period of exposure was, the greater biomass of 
material present on ceramic tile plates. Large amounts of fouling material 
grew on plates at shallow stations, but plates from deeper stations were 
almost bare (Table 1). Steel plates were extremely difficult to analyze 
due to the formation of bubbles of rust, and subsequent flaking of 
attached organisms. We recommend against their use in future studies. 
Bags were used to enclose plates individually upon collection. Samples 
from these bags contained large numbers of motile invertebrates such as 
amphipods, underscoring the necessity for bagging plates upon retrieval. 

During Year 5, Group I stations have been dropped from the progran, 
except for one station that was "upgraded" to Group II status. Group II 
stations from Year 4 continue to be sampled during Year 5, along with two 
new Group II stations. We are no longer dredging at all live bottom 
stations, but only at the new Group II stations, since samples from Years 
l-4 are considered adequate for taxonomic purposes at previously-surveyed 
stations. We are continuing to trawl and take UTV samples at all stations, 
and have arrays with TLC hardware and fouling plates at all stations. 

At present, six cruises (four from Year 4 and two for Year 5) have 
been completed by ESE and LUL. Nearly all the trawl, dredge, UTV, fouling 
Plate, and TLC samples from the first four cruises have been analyzed, and 
their data entered and verified. Formats for graphics and tables for the 
Year 5 Final Report are currently being refined, based on comments o:1 the 
Year 4 Final Report, which was just submitted to MMS. Once these data 
Summary tasks have been accomplished, we will begin statistical analysis of 
our data, integrating biological with geological and hydrographic 


information from ESE. 
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Figure 1. 


STATION LOCATIONS AND INSTRUMENT ARRAY 
LOCATIONS FOR YEAR 4 
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Figure 2. PRESENCE (+) OF ASTEROIDS AND OPHIUROIDS IN DREDGED SAMPLES 
FOR CRUISES I-IV TOGETHER, BY STATION. SPECIES ARE ARRANGED 
IN ORDER OF INCREASING AVERAGE DEPTH OF COLLECTION. 
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Figure 3. TOTAL ABUNDANCE AND HOURLY ABUNDANCE FOR 
STATION 52, CRUISE Il — LUTJANUS GRISEUS 
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Figure 4. ABUNDANCE OF FOULING ORGANISMS ON REPLICATE TILE PLATES EXPOSED FOR 3 MONTHS AT STATION 52, 
COLLECTED ON CRUISE II 
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Table 1. Average biomass (g/plate) for major taxa of invertebrates on 
tile fouling plates, by station and exposure period. 
Exposure periods are shown separated by slashes (/) as 
follows: Cruise I-II (3 month exposure)/Cruise II-III (3- 
month exposure)/Cruise I-III (6-month exposure). Weights 
averaging less than 0.01 g/plate are shown by a plus (+). 
A minus (-) indicates zero values. 
STATION 
52 29 23 36 
TAXON 
FORAMINFERIDA -/-/- ~-/-/+ ~/+/+ «/-/- 
PORIFERA «/-/- -/-/.01 ~/+/+ -/-/- 
HYDROIDA »49/-/.09 +/ .02/.11 -04/ .04/.10 «/-/.13 
BRYOZOA +/+/ .02 +/+/ .04 +/+/ .02 -/-/- 
POLYCHAETA 2.1/1.6/6.6 +/+/ .03 -02/4/.17 -/-/+ 
CIRRIPEDIA -10/9.6/10.3  =/+/+ +/_ /+ -/-/- 
AMPHIPODA .15/ .50/ .54 -/-/- ~/-/+ -/-/- 
BIVALVIA -12/ .88/5.9 -/+/+ ~/+/+ -/-/+ 
ASCIDIACEA -/-/ .39 «/=/ .06 -/-/- -/-/- 
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